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A DISPERSION MANAGED OPTICAL FIBER 

The field of the invention is that of optical fibers 
for use in wavelength division multiplex transmission 
networks . 

5 The increase in information bit rates in this type 

of network imposes compensation of chromatic dispersion 
and chromatic dispersion slope over an increasingly wide 
spectral band. Band S comprises wavelengths from 
approximately 14 6 0 nanometers (nm) to approximately 

10 1530 nm. Band C comprises wavelengths from approximately 
1530 nm to approximately 1565 nm. Band L comprises 
wavelengths from approximately 1565 nm to approximately 
162 5 nm. Band U comprises wavelengths from approximately 
1625 nm to approximately 1675 nm. The spectral band most 

15 widely used is band C. There is an increasing tendency 
to use bands S and L and even band U in addition to band 
C. 

Using a dispersion managed fiber (DMF) having a 
longitudinal alternation of optical fiber portions with 
20 positive chromatic dispersion and optical fiber portions 
with negative chromatic dispersion is known in the art. 
The chromatic dispersion for the whole of the dispersion 
managed optical fiber is therefore easily compensated for 
a given wavelength. However, if the spectral range in 

2 5 which the managed dispersion optical fiber is used 

increases, the chromatic dispersion must be compensated 
over a wide spectral range, which means that the 
chromatic dispersion slope must also be compensated; in 
practice chromatic dispersion slope compensation is much 

3 0 more difficult and often degrades other parameters of the 

dispersion managed fiber, such as its effective area. 

Combining dispersion compensating fibers (DCF) with 
certain types of dispersion shifted optical fiber, also 
known as non-zero dispersion shifted fiber (NZ-DSF) , to 
35 reduce crossed non-linear effects is also known in the 

art, and yields a transmission line with zero dispersion 
over a wide spectral range . A drawback of combining 
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dispersion shifted fibers and dispersion compensating 
fibers is the high losses of the dispersion compensating 
fiber, especially its attenuation per unit length and 
bending losses, and the presence of a high level of 
5 polarization mode dispersion (PMD) , which limits the 
increase in the information bit rate. 

The solution proposed by the invention entails using 
a dispersion managed fiber in which the optical fiber 
portions have a dispersion slope such that, even in the 

10 absence of strict reversal of the chromatic dispersion 
slope between the optical fiber portions with positive 
chromatic dispersion and the optical fiber portions with 
negative chromatic dispersion, the resulting average 
dispersion of the dispersion managed optical fiber is 

15 very low, or even virtually zero, over a wide spectral 
range including bands S, C and L and preferably also 
including band U. This yields what might be called a 
"flat dispersion" dispersion managed optical fiber. The 
fact that strict reversal of the chromatic dispersion 

2 0 slope is not essential has the further advantage that the 

effective area does not collapse along the resulting 
dispersion managed optical fiber. Moreover, given the 
low chromatic dispersion slopes of the fiber portions, 
the alternating positive chromatic dispersion optical 
25 fiber portions and negative chromatic dispersion optical 
fiber portions can advantageously be obtained by means of 
a relationship of radial geometrical similarity of the 
index profile of the core, the ratio of the geometrical 
similarity remaining relatively low and not significantly 

3 0 degrading the properties of the resulting dispersion 

managed optical fiber, and in particular not 
significantly degrading the effective area on passing 
from a positive chromatic dispersion optical fiber 
portion to a negative chromatic dispersion optical fiber 
35 portion. 

The invention provides a dispersion managed optical 
fiber for wavelength division multiplex transmission 



networks, the fiber including positive chromatic 
dispersion optical fiber portions alternating 
longitudinally with negative chromatic dispersion optical 
fiber portions and comprising in succession from the 
5 center towards the periphery a core having a varying 
index profile and then a cladding having a constant 
index, the outside radius of the index profile of the 
core, which is the limit between the core and the 
cladding, being sufficiently small for the optical fiber 

10 to function in monomode in-cable, each optical fiber 
portion having at a wavelength of 1550 nm a chromatic 
dispersion whose absolute value is from 1 ps/nm.km to 
10 ps/nm.km, a chromatic dispersion slope whose absolute 
value is less than 0.015 ps/nm.km, and an effective area 

15 greater than 35 /xm 2 , the relative effective area 
difference at a wavelength of 1550 nm between the 
positive chromatic dispersion optical fiber portions and 
the negative chromatic dispersion optical fiber portions 
being less than 7%, and each optical fiber portion having 

20 bending losses at a wavelength of 1625 nm less than 0.1 
dB for 100 turns with a diameter of 60 mm. 

In a prior art "flat dispersion" dispersion managed 
optical fiber, the chromatic dispersion slope is reversed 
on passing between a positive chromatic dispersion 

25 optical fiber portion and a negative chromatic dispersion 
optical fiber portion by means of a high-ratio 
relationship of geometrical similarity of the index 
profile, which has the drawback of significantly reducing 
the effective area. To preserve a high effective area, a 

3 0 lower ratio is used for the geometrical similarity of the 
index profile, as a result of which the slope is not 
strictly reversed and the dispersion managed optical 
fiber is not of the "flat dispersion" type. In a 
dispersion managed optical fiber of the invention, 

35 because the slope of the positive dispersion optical 

fiber portion is already relatively low, it is easier to 
reverse the slope and, even if the slope is not strictly 
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reversed, because it is low, the chromatic dispersion of 
the dispersion managed optical fiber obtained by- 
alternating positive chromatic dispersion optical fiber 
portions and negative chromatic dispersion optical fiber 
5 portions is relatively "flat" . This has two advantages 
in relation to the effective area in that, firstly, the 
effective area of the negative chromatic dispersion 
optical fiber portions is relatively high and, secondly, 
the effective area of the negative chromatic dispersion 

10 optical fiber portions is relatively close to the 

effective area of the positive chromatic dispersion 
optical fiber portions. This kind of "flat dispersion' 7 
optical fiber is known in the art, and is described in 
patent application WO 00/63732, but in the prior art the 

15 core index profile has a high outside radius, with the 
result that said optical fiber functions in-cable as a 
multimode fiber. 

Dispersion managed optical fibers of the invention 
have an outside radius of the core index profile, which 

20 is the limit between the core and the cladding, that is 
sufficiently small for said optical fibers to function 
in-cable as monomode fibers. In the examples considered 
hereinafter, all of which correspond to core index 
profiles with three or four slices, the upper bound of 

25 this outside radius for the positive dispersion optical 
fiber portions and the negative dispersion optical fiber 
portions is made less than 16 micrometers (/xm) for a 
profile with four slices and less than 10.5 /xm for a 
profile with three slices, which ensures that the 

30 resulting "flat dispersion" dispersion managed optical 
fibers of the invention function in-cable as monomode 
fibers . 

To minimize the effective area variation between the 
positive chromatic dispersion optical fiber portions and 
35 the negative chromatic dispersion optical fiber portions, 
the outside ratio difference between the positive 
chromatic dispersion optical fiber portions and the 
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negative chromatic dispersion optical fiber portions is 
preferably less than 11%. 

In a first preferred embodiment of the invention, 
the dispersion managed optical fiber of the invention 
5 comprises a first type of varying core index profile with 
three slices. The first type of varying core index 
profile comprises successively, from the center towards 
the periphery, a central slice having a maximum index 
higher than the index of the cladding, a buried slice 

10 having a minimum index lower than the index of the 

cladding, and an annular slice having a maximum index 
higher than the index of the cladding and less than the 
maximum index of the central slide. The central slice is 
preferably trapezium- shaped but it can also be 

15 rectangular, triangular or alpha- shaped. 

A number of preferred ranges or relationships for 
the indices and the radii of the first type of core index 
profile for improving the spectral flatness of the 
chromatic dispersion of a dispersion managed optical 

20 fiber of the invention, and its other properties are 
given next . 

The average of the difference Anl between the 
maximum index of the central slice and the index of the 
cladding is preferably from 7.00xl0" 3 to ll.OxlO" 3 in all 

25 the optical fiber portions and the average of the radius 
ri of the portion of the central slice having an index 
higher than the index of the cladding is preferably from 
2.65 /zm to 3.70 /xm in all the optical fiber portions. 

For an average portion of optical fiber whose index 

3 0 profile radius values correspond to the averages of the 
radius values of the index profiles of all the optical 

rl 

fiber portions, the value of the integral S 01 = |An(r).dr of 

o 

the index difference relative to the index of the 
cladding between a zero radius and the radius r x of the 
35 portion of the central slice having an index higher than 
the index of the cladding is preferably higher than 
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23 . OxlO" 3 /im. 

For an average portion of optical fiber whose index 
profile radius values correspond to the averages of the 
radius values of the index profiles of all the optical 

rl 

5 fiber portions, twice the value S, = 2. |An(r).r.dr of the 

0 

integral of the product of the radius and the index 
difference relative to the index of the cladding between 
a zero radius and the radius r x of the portion of the 
central slice having an index higher than the index of 
10 the cladding is preferably from 58xl0~ 3 /im 2 to 99xl0" 3 pirn 2 . 

For an average portion of optical fiber whose index 
profile radius values correspond to the averages of the 
radius values of the index profiles of all the optical 

rl 

fiber portions, three times the value S n = 3. |An(r).r 2 .dr of 

o 

15 the integral of the product of the square of the radius 
and the index difference relative to the index of the 
cladding between a zero radius and the radius ri of the 
portion of the central slice having an index higher than 
the index of the cladding is preferably from ISOxlO" 3 /xm 3 

20 to 335xl0" 3 jum 3 . 

The average of the difference An2 between the 
minimum index of the buried slice and the index of the 
cladding is preferably from -9.0xl0" 3 to -2.5xl0 3 in all 
the optical fiber portions (T+, T-) and the average of 

25 the outside radius r 2 of the buried slice is preferably 
from 4.00 /im to 8.10 /xm in all the optical fiber 
portions . 

For an average portion of optical fiber whose index 
profile radius values correspond to the averages of the 
30 radius values of the index profiles of all the optical 

r2 

fiber portions, the value of the integral S 02 = jAn(r).dr of 

n 

the index difference relative to the index of the 
cladding between the radius ri of the portion of the 
central slice having an index higher than the index of 



7 



the cladding and the outside radius r 2 of the buried slice 
is preferably from 22.0xl0" 3 /zm to -8.0xl0~ 3 /im. 

The average of the difference An 3 between the 
maximum index of the annular slice and the index of the 
5 cladding is preferably from 0.50xl0" 3 to 7.5xl0' 3 in all 

the optical fiber portions and the average of the outside 
radius r 3 of the annular slice is preferably from 6.70 fim 
to 10.50 /xm in all the optical fiber portions. 

For an average portion of optical fiber whose index 
10 profile radius values correspond to the averages of the 
radius values of the index profiles of all the optical 

fiber portions, the value of the integral S 03 = jAn(r).dr of 

r2 

the index difference relative to the index of the 
cladding between the outside radius r 2 of the buried slice 

15 and the outside radius r 3 of the annular slice is from 
l.OxlO" 3 fim to 15xl0" 3 jzm. 

In a second preferred embodiment of the invention, 
the dispersion managed optical fiber of the invention has 
a second type of varying core index profile with four 

20 slices. The second type of varying core index profile 
comprises successively, from the center towards the 
periphery, a central slice having a maximum index higher 
than the index of the cladding, a first buried slice 
having a minimum index lower than the index of the 

25 cladding, an annular slice having a maximum index higher 
than the index of the cladding and lower than the maximum 
index of the central slice, and a second buried slice 
having a minimum index lower than the index of the 
cladding. The central slice is preferably rectangular 

30 but can also be trapezium- shaped, triangular or alpha- 
shaped. 

A number of preferred ranges or relationships for 
the indices and the radii of the second type of core 
index profile for improving the spectral flatness of the 
35 chromatic dispersion of a dispersion managed optical 

fiber of the invention and its other properties are given 



next . 

The average of the difference Ani between the 
maximum index of the center slice and the index of the 
cladding is preferably from 7.0xl0~ 3 to lO.OxlO" 3 in all 
5 the optical fiber portions and the average of the radius 
ri of the portion of the central slice having an index 
higher than the index of the cladding is preferably from 
2.5 fim to 3.5 (im in all the optical fiber portions. 
The average of the difference An 2 between the 

10 minimum index of the first buried slice and the index of 
the cladding is preferably from -9.0xl0" 3 to -2.5xl0~ 3 in 
all the optical fiber portions and the average of the 
outside radius r 2 of the buried slice is preferably from 
4.1 /im to 7.0 /im in all the optical fiber portions. 

15 The average of the difference An 3 between the 

maximum index of the annular slice and the index of the 
cladding is preferably from 0.5xl0" 3 to S.OxlO" 3 in all the 
optical fiber portions and the average of the outside 
radius r 3 of the annular slice is preferably from 9.0 /im 

20 to 13.0 fim in all the optical fiber portions. 

The average of the difference An 4 between the 
minimum index of the second buried slice and the index of 
the cladding is from -9.0xl0~ 3 to -2.0xl0~ 3 in all the 
optical fiber portions and the average of the outside 

25 radius r 4 of the second buried slice is from 12.0 fxm to 
16.0 fxm in all the optical fiber portions. 

Along the dispersion managed optical fiber of the 
invention, passages between a positive chromatic 
dispersion optical fiber portion and a negative chromatic 

30 dispersion optical fiber portion are effected by means of 
a relationship of geometrical similarity of the core 
index profile. This relationship can be achieved in a 
number of ways. The dispersion managed optical fiber is 
preferably obtained by modifying the properties of a 

35 single preform. This modification can be achieved either 
by varying drawing of the preform followed by constant 
diameter fiber drawing or by varying diameter fiber 



9 



drawing, for example. The dispersion managed optical 
fiber can also be obtained by concatenating lengths of 
optical fiber, alternating positive chromatic dispersion 
lengths and negative chromatic dispersion lengths, for 
5 example. 

The invention will be better understood and other 
features and advantages will become apparent in the light 
of the following description and the appended drawings, 
which are provided by way of example, and in which: 
10 - Figure 1 shows diagrammatically a dispersion 

managed optical fiber; 

- Figure 2 shows diagrammatically a first type of 
profile with three slices of a dispersion managed optical 
fiber of the invention; 

15 - Figure 3 is a table setting out average values of 

radii and index differences for ten examples of profiles 
of the first type of dispersion managed optical fiber of 
the invent i on ; 

- Figure 4 is a table showing extreme variations of 
2 0 the radii from Figure 3 relative to their average values 

and certain properties of the corresponding profiles of 
dispersion managed optical fiber of the invention; 

- Figure 5 is a table setting out average values of 
radii and index differences for five further examples of 

25 profiles of the first type of dispersion managed optical 
fiber of the invention; 

- Figure 6 is a table showing extreme variations of 
the radii from Figure 5 relative to their average values 
and certain properties of the corresponding profiles of 

30 dispersion managed optical fiber of the invention; 

- Figure 7 is a table setting out other properties 
of profiles of dispersion managed optical fiber of the 
invention as defined in Figure 4; 

- Figure 8 is a table setting out other properties 
35 of profiles of dispersion managed optical fiber of the 

invention as defined in Figure 6; 

- Figure 9 is a table setting out averages of 
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properties of profiles of dispersion managed optical 
fiber of the invention as defined in Figures 7 and 8; 

- Figure 10 shows diagrammatically a second type of 
profile with four slices of a dispersion managed optical 

5 fiber of the invention; 

- Figure 11 is a table setting out average values of 
radii and index differences for ten examples of profiles 
of the second type of dispersion managed optical fiber of 
the invention; 

10 - Figure 12 is a table showing extreme variations of 

the radii from Figure 11 relative to their average values 
and certain properties of the corresponding profiles of 
dispersion managed optical fiber of the invention; 

- Figure 13 is a table setting out other properties 
15 of profiles of dispersion managed optical fiber of the 

invention as defined in Figure 12; 

- Figure 14 is a table setting out averages of 
properties of profiles of dispersion managed optical 
fiber of the invention as defined in Figure 13; 

2 0 - Figure 15 shows diagrammatically, over a wide 

spectral range, positive, average and negative chromatic 
dispersion variations for Example 4 as defined in Figures 
3 and 4; 

- Figure 16 is a diagrammatic enlargement of Figure 
25 15 over a narrower spectral range ; 

- Figure 17 shows diagrammatically, over a wide 
spectral range, positive, average and negative chromatic 
dispersion variations for Example 5 as defined in Figures 
3 and 4 ; 

3 0 - Figure 18 is a diagrammatic enlargement of part of 

Figure 17 over a narrower spectral range; 

- Figure 19 shows diagrammatically, over a wide 
spectral range, positive, average and negative chromatic 
dispersion variations for Example 7 as defined in Figures 

3 5 3 and 4; 

- Figure 20 is a diagrammatic enlargement of part of 
Figure 19 over a narrower spectral range; 
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- Figure 21 shows diagrammatically, over a wide 
spectral range, positive, average and negative chromatic 
dispersion variations for Example 10 as defined in 
Figures 3 and 4 ; 

5 - Figure 22 is a diagrammatic enlargement of part of 

Figure 21 over a narrower spectral range; 

- Figure 2 3 shows diagrammatically, over a wide 
spectral range, positive, average and negative chromatic 
dispersion variations for Example 2 0 as defined in 

10 Figures 11 and 12; 

- Figure 24 is a diagrammatic enlargement of part of 
Figure 23 over a narrower spectral range. 

Figure 1 is a diagram showing a dispersion managed 
optical fiber. The dispersion managed optical fiber 1 

15 includes an alternation of portions T+ of positive 

chromatic dispersion optical fiber and portions T- of 
negative chromatic dispersion optical fiber. For 
simplicity, Figure 1 shows only four portions, but the 
optical fiber 1 can include many more portions. Between 

20 two T+ portions 11 and 13 there is a T- portion 12. 

Between two T- portions 12 and 14 there is a T+ portion 
13, The T+ and T- portions are the same length, for 
example . 

Figure 2 shows diagrammatically a first type of 
25 profile, with three slices, of a dispersion managed 

optical fiber of the invention. The first slice, known 
as the central slice, has a maximum index difference Anl 
relative to the constant index of the cladding and an 
outside radius rib. The maximum index difference Anl is 
3 0 positive. Between a zero radius and a radius rla, the 

index is preferably constant and at a maximum; it reaches 
the index of the cladding for a value rl of the radius 
and the index of the second slice for a value rib. If 
rla is not zero and rla is different from rib, the first 
35 slice is trapezium- shaped . If rla is not zero and rla is 
equal to rib, the first slice is rectangular. If rla is 
zero and rib is not zero, the first slice is triangular. 
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The second slice, known as the buried slice, has a 
maximum index difference An2 relative to the constant 
index of the cladding and an outside radius r2 . The 
maximum index difference An2 is negative. The index is 
5 preferably constant between the radius rib and the radius 
r2 . The third slice, known as the annular slice, has a 
maximum index difference An3 relative to the constant 
index of the cladding and an outside radius r3 . The 
maximum index difference An3 is positive. The index is 

10 preferably constant between the radius r2 and the radius 
r3 . Beyond the radius r3 is the constant index cladding. 

Figure 3 is a table containing average values of 
radii and index differences for ten examples of profiles 
of the first type of dispersion managed optical fiber of 

15 the invention. The left-hand column identifies Examples 
1 to 10. The suffix i. ("initial") indicates that the 
radius values given are for an average between the radii 
of the T+ portions and the radii of the T- portions. The 
next four columns give the radii in /an of the varying 

2 0 core index profile. The last three columns give one 

thousand times the index difference (no units) . 

Figure 4 is a table giving extreme variations of the 
radii from Figure 3 relative to their average values and 
certain properties of the corresponding profiles of 
25 dispersion managed optical fiber of the invention. The 

left-hand column identifies Examples 1 to 10. The suffix 
a corresponds to a T+ portion obtained from corresponding 
values of the subscript i by applying a relationship of 
geometrical similarity whose ratio is the sum of 1 and 

3 0 the value of the parameter VarRay expressed as a 

percentage; for example, if the value of VarRay is 0.91%, 
the ratio of geometrical similarity is 1.0091. The 
suffix b corresponds to a T- portion obtained from 
corresponding values of the subscript i by applying a 
35 relationship of geometrical similarity whose ratio is the 
sum of 1 and the value of the parameter VarRay expressed 
as a percentage; for example, if the value of VarRay is - 
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0.91%, the ratio of geometrical similarity is 0.9909. 
The parameter VarRay is given in the second column. For 
each example considered, the other columns represent 
properties of the optical fiber portion corresponding to 
5 the example in question. The next column gives the 
theoretical cut-off wavelength X ct h expressed in 
nanometers. The next column gives the mode diameter 2VI 02 
expressed in fxm at the wavelength of 1550 nm. The next 
column gives the effective area expressed in /xm 2 . The 

10 next column gives the chromatic dispersion cancellation 

wavelength X 0 expressed in nm. The next column gives the 
chromatic dispersion C expressed in ps/nm.km at a 
wavelength of 1550 nm. The next column gives the 
chromatic dispersion slope C expressed in ps/nm 2 .km at a 

15 wavelength of 1550 nm. The next column gives the maximum 
bending loss thresholds PC expressed in decibels (dB) for 
100 turns with a diameter of 60 millimeters (mm) at a 
wavelength of 1625 nm. For Example la, said bending 
losses are less than 3xl0" 4 dB, for example. The last 

20 column gives the microbending sensitivity at a wavelength 
of 1550 nm, expressed as a proportion of that of our G652 
fiber. 

Figure 5 is a table giving average values of radii 
and index differences for five further examples of 

25 profiles of the first type of dispersion managed optical 
fiber of the invention. Its description is analogous to 
that of Figure 3 . 

Figure 6 is a table giving extreme variations of the 
radii from Figure 5 relative to their average values and 

30 certain properties of the corresponding profiles of 

dispersion managed optical fiber of the invention. Its 
description is analogous to that of Figure 4. 

Figure 7 is a table giving other properties of the 
profiles of dispersion managed optical fiber of the 

35 invention as defined in Figure 4. The left-hand column 
identifies the examples, as already explained. For each 
example considered, the other columns give properties of 
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the optical fiber portion corresponding to the example in 
question. The next four columns give effective areas S e ff 
expressed in /xm 2 at the respective wavelengths of 1460 nm, 
1500 nm, 1625 nm and 1675 n, . The next four columns give 
5 the chromatic dispersion C expressed in ps/nm.km at the 
respective wavelengths 1460 nm, 1500 nm, 1625 nm and 
1675 nm. The next three columns give maximum bending 
loss thresholds expressed in dB/m for a radius of 10 mm 
at the respective wavelengths 1500 nm, 1625 nm and 

10 1675 nm. In Example la, for example, said bending losses 
are less than 5 dB/m. The next three columns give 
maximum bending loss thresholds expressed in dB/m for a 
radius of 30 mm at the respective wavelengths 1500 nm, 
1625 nm and 1675 nm. 

15 Figure 8 is a table containing other properties of 

the profiles of dispersion managed optical fiber of the 
invention as defined in Figure 6. Its description is 
analogous to that of Figure 7. 

Figure 9 is a table containing average values of the 

20 properties of the profiles of dispersion managed optical 
fiber of the invention as defined in Figures 7 and 8. 
The left-hand column identifies Examples 1 to 15. The 
suffix m indicates that the properties represented in the 
other columns correspond to averages between the T+ 

25 portions and the T- portions for the same example but 

with the suffixes a and b. For example, the properties 
of Example lm are the averages of the properties of 
Examples la and lb. For each example considered, the 
other columns represent properties of the optical fiber 

3 0 portion corresponding to the example in question. The 
next four columns give effective areas S e ff expressed in 
/im 2 at the respective wavelengths 1460 nm, 1500 nm, 
1625 nm and 1675 nm. The column gives the effective area 
difference AS e ff expressed in /im 2 between the wavelengths 

35 1460 nm and 1625 nm. The next four columns give 

chromatic dispersions C expressed in ps/nm.km at the 
respective wavelengths 1460 nm, 1500 nm, 1625 nm and 
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1675 nm. The last column gives the chromatic dispersion 
difference AC expressed in ps/nm.km between the 
wavelengths 14 60 nm and 162 5 nm. 

Figure 10 shows diagrammatical ly a second type of 
5 profile with four slices of a dispersion managed optical 
fiber of the invention. The first slice, known as the 
central slice, has a maximum index difference Anl 
relative to the constant index of the cladding and an 
outside radius rl . The maximum index difference Anl is 

10 positive. The index is preferably constant between a 

zero radius and the radius rl . The second slice, known 
as the first buried slice, has a maximum index difference 
An2 relative to the constant index of the cladding and an 
outside radius r2 . The maximum index difference An2 is 

15 negative. The index is preferably constant between the 
radius rl and the radius r2 . The third slice, known as 
the annular slice, has a maximum index difference An3 
relative to the constant index of the cladding and an 
outside radius r3 . The maximum index difference An3 is 

20 positive. The index is preferably constant between the 
radius r2 and the radius r3 . The fourth slice, known as 
the second buried slice, has a maximum index difference 
An4 relative to the constant index of the cladding and an 
outside radius r4 . The maximum index difference An4 is 

2 5 negative. The index is preferably constant between the 

radium r3 and the radius r4 . Beyond the radius r4 is the 
constant index cladding. 

Figure 11 is a table giving average values of radii 
and index differences for ten examples of profiles of the 

3 0 second type of dispersion managed optical fiber of the 

invention. Its description is analogous to that of 
Figure 3 . 

Figure 12 is a table giving extreme variations of 
the radii from Figure 11 relative to their average values 
35 and certain properties of the corresponding profiles of 
dispersion managed optical fiber of the invention. Its 
description is analogous to that of Figure 4 . 



Figure 13 is a table containing other properties of 
the profiles of dispersion managed optical fiber of the 
invention as defined in Figure 12. Its description is 
analogous to that of Figure 7 . 
5 Figure 14 is a table containing average values of 

the properties of profiles of dispersion managed optical 
fiber of the invention as defined in Figure 13. Its 
description is analogous to that of Figure 9. 

Figure 15 shows diagrammat ically , over a wide 

10 spectral range, positive, average and negative chromatic 
dispersion variations for Example 4 as defined in Figures 
3 and 4. The curves a, m and b represent chromatic 
dispersion expressed in ps/nm.km over a spectral range of 
wavelengths from 12 00 nm to 1700 nm, respectively for the 

15 T+ portions, for the T- portions, and for the average 
between the T+ and T- portions corresponding to the 
overall chromatic dispersion of the optical fiber 1 
comprising alternating T+ and T- portions. Figure 15 
relates to Example 4 . 

20 Figure 16 shows diagrammatically an enlargement of 

Figure 15 over a narrower spectral range. The same 
curves are shown as in Figure 15, over the narrower 
spectral range from 1450 nm to 1675 nm. It can be seen 
that the chromatic dispersion slope of the resulting 

25 dispersion managed optical fiber is "flat" (curve m) ; in 
Figure 16 the chromatic dispersion remains between 
0.5 ps/nm.km and -1 ps/nm.km. 

Figure 17 shows diagrammatically, over a wide 
spectral range, positive, average and negative chromatic 

3 0 dispersion variations for Example 5 as defined in Figures 
3 and 4. Its description is analogous to that of Figure 
15. 

Figure 18 shows diagrammatically an enlargement of a 
portion of Figure 17 over a narrower spectral range. Its 
35 description is analogous to that of Figure 16. 

Figure 19 shows diagrammatically, over a wide 
spectral range, positive, average and negative chromatic 



dispersion variations for Example 7 as defined in Figures 
3 and 4. Its description is analogous to that of Figure 
15. 

Figure 2 0 shows diagrammatical ly an enlargement of a 
5 portion of Figure 19 over a narrower spectral range. Its 
description is analogous to that of Figure 16. 

Figure 21 shows diagrammatically , over a wide 
spectral range, positive, average and negative chromatic 
dispersion variations for Example 10 as defined in 
10 Figures 3 and 4. Its description is analogous to that of 
Figure 15. 

Figure 2 2 shows diagrammatically an enlargement of a 
portion of Figure 21 over a narrower spectral range. Its 
description is analogous to that of Figure 16. 
15 Figure 23 shows diagrammatically, over a wide 

spectral range, positive, average and negative chromatic 
dispersion variations for Example 2 0 as defined in 
Figures 11 and 12. Its description is analogous to that 
of Figure 15. 

2 0 Figure 24 shows diagrammatically an enlargement of a 

portion of Figure 23 over a narrower spectral range. Its 
description is analogous to that of Figure 16. 

Dispersion managed optical fiber of the invention 
preferably has an attenuation less than or equal to 0.35 

25 dB/km at a wavelength of 1550 nm. 

Dispersion managed optical fiber of the invention 
preferably has a polarization mode dispersion less than 
or equal to 0.2 ps/km 1/2 at a wavelength of 1550 nm, more 
preferably less than or equal to 0.1 ps/km 1/2 , or even 

30 more preferably less than or equal to 0.05 ps/km 1/2 . 

The dispersion managed optical fiber of the 
invention preferably has bending losses of less than 400 
dB/m at a wavelength of 162 5 nm as measured for a radius 
of 10 mm in any of the portions constituting said optical 

35 fiber. 



